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ABSTRACT (Maximum 200 words)
Crystalline thin films of silicon nitride have been grown on a variety of substrates by microwave plasma-enhanced chemical vapor deposition using N 2 , 02, and CH 4 gases at a temperature of 800o C. X-ray diffraction and Rutherford backscattering measurements indicate the deposits are stoichiometric silicon nitride with varying amounts of the a and a phases. Scanning electron microscope imaging indicates S-Si 3 N 4 possesses six-fold symmetry with particles size in the submicron range. In one experiment, the silicon necessary for growth comes from the single crystal silicon substrate due to etching/sputtering by the nitrogen plasma. Ile dependence of the grain size on the methane concentration is investigated. In an another experiment, an organo-silicon source, methoxytrimethylsilane, is used to grow silicon nitride with controlled introduction of the silicon necessary for growth. Thin crystalline films are deposited at rates of 0.1 prm/hr. as determined by profilometry. A growth mechanism for both cases is proposed. Quantitative composition analysis was conducted by RBS at Oak Ridge National Labs using a 2.3 MeV He beam at a detection angle of 160".
SUBJECT
Vicker's microhardness tests were conducted on a Buehler
Micromet II at room temperature. Different loads, ranging from 50 to 500 g, were applied at a loading time of 10 seconds. The sample tested had a 6-8 micron thick Si3N4 layer.
RESULTS

A.
Solid Source: Silicon from the silicon substrate
The crystallinity of the films is proven by x-ray diffraction measurements. Figure 1 is a e-2e scan of the synthesized crystals. As the loading force is increased, the penetration depth is greater with a corresponding drop in the hardness due to the "substrate effect".
The evolution of the crystalline microstructure is shown in At the forty-eight hour mark, growth has been completely suppressed and the etch pits become larger and appear on most of the crystall ites.
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Results from a series of experiments using a silicon substrate as the source of silicon, determined that only gas combinations containing nitrogen and methane resulted in Si 3 N 4 deposition. The significance of these results will be explained in the discussion section. Figure 7 is the e-20 x-ray diffraction spectra of a continuous This reaction mechanism qualitatively explains the series of micrographs shown in Figure 6 . As the percentage of methane increases from 1% to 3.5 %, the nucleation density becomes greater with a corresponding decrease in the average particle size. The amount of methane in the plasma can explain these experimental findings.
B. Liquid Source Growth: Si-C-O-H precursor
At the lowest percentage, there is not enough methane present to bind with all of the silicon atoms present in the plasma.
Consequently, the nucleation density is rather low. As more and more methane is added into the gas mixture, a larger A search through the silicon nitride literature reveals one theoretical study that corroborates cur mechanism of growth.
Lartigue et. al. 19 studied the deposition from the Si-C-N-H system and found that only four possible condensed phases are possible. and atomic oxygen present in the discharge.
B. Liquid Source Growth
Realizing that the essential components for silicon nitride growth were nitrogen, methane, and oxygen, che next logical step was to search for a source that contained all of these species.
Additional requirements were that this source be liquid phase, have a high vapor pressure at room temperature, and be relatively safe to handle ( i.e. non-pyrophoric ).
To meet these requirements, the organic compound methoxytrimethylsilane (MOTMS), ( Peaks labelled alpha and beta correspond to alpha and beta silicon nitride. 
